Abstract-Automated lung cancer detection using computer aided diagnosis (CAD) is an important area in clinical applications. As the manual nodule detection is very time consuming and costly so computerized systems can be helpful for this purpose. In this paper, we propose a computerized system for lung nodule detection in CT scan images. The automated system consists of two stages i.e. lung segmentation and enhancement, feature extraction and classification. The segmentation process will result in separating lung tissue from rest of the image, and only the lung tissues under examination are considered as candidate regions for detecting malignant nodules in lung portion. A feature vector for possible abnormal regions is calculated and regions are classified using neuro fuzzy classifier. It is a fully automatic system that does not require any manual intervention and experimental results show the validity of our system.
I. INTRODUCTION
Lung cancer patients do not feel any symptoms at initial stages but it can lead to death if not detected and treated in time [1] . In order to detect it at its early stages, regular screening is very important which can eventually reduce the number of deaths due to lung cancer [2] , [3] . Automated systems can be useful for this purpose and can provide and time and cost efficient solution. However, a major problem in the automated screening using Computed Tomography (CT) for lung cancer is that the automated system should be able to detect and extract abnormal regions which are nodules and other lung structures such as vessels and bronchi with great accuracy. Lung nodules appear as round, nearly round, or oval density that is relatively sharply marginated. It is at least partially surrounded by lung, which means it can be characterized as a parenchymal process. By definition, nodules are findings of 3 cm or less. Larger spherical, well-defined opacities are referred to as masses and are far more likely to be malignant. Figure  1 shows the lung CT image and its different regions.
The causes of nodule generation in lungs include variety of disorders such as neoplastic, infectious, inflammatory, vascular, and congenital abnormalities. Features on CT which aid in differentiating benign and malignant nodules include size, morphology, and internal characteristics. Most of the automated nodule detection methods are based on the thoracic CT scan images [1] , neural network based approach [2] , sequential CT images [3] , genetic cellular neural network and 3D template matching technique [4] , mass screening with mobile spiral CT scanner [5] , low dose CT scan images [6] , model based detection in CT scan images [7] , lung nodule classification approach in CT scan images [8] , profile matching and back-propagation neural network based nodule detection [9] , accuracy of positron emission tomography for nodule detection [10] , local density algorithm [11] and template matching technique on helical CT scan images [12] . These methods correctly detect the nodules in images but some are robust against noise and small nodules in an image can be detected by few and if detected then blood vessels are also detected by them along with the nodules. The evaluation of an incidental nodule to determine whether it reflects malignant disease can lead to a long and costly workup. The efforts to detect early lung cancer have led to lung cancer screening with CT in at-risk populations, which is associated with the discovery of even larger numbers of nodules.
In this paper, computer-aided diagnosis (CAD) system for automated detection of pulmonary nodules in computed tomography (CT) images is proposed. The automated system consists of different phases such as lung segmentation, postprocessing enhancement, formulation of feature vector and neuro fuzzy based classification.
The paper is organized in five sections. In section 2 pro- posed model for this computerized system is explained step by step. In section 3 experimental results are discussed followed by conclusion in section 4.
II. PROPOSED METHOD
The systematic overview of the computerized system is shown in figure 2 below. In summary, the system takes lung CT image is as an input and applies segmentation on this image to remove background and extracts the nodules from image. The enhancement phase applies postprocessing to remove as many false regions as possible. The remaining candidate nodules are classified based on their properties which are extracted in feature extraction phase.
A. Lung CT Image Segmentation
Segmentation of an image involves the separation of lung nodule from other part of the CT scan images and then enhancement of the resultant image to get details. This process includes series of steps which are: 1) First of all CT scan image is converted to gray scale image and we apply median filter to remove any noise if present. 2) In CT image the difference between foreground and background is quite prominent and gradient operator has high values for boundary pixels. Here in this system, we have used gradient mean and variance based method for extraction of background. 3) After the background removal threshold segmentation is done on the basis of optimal thresholding. In optimal thresholding, a threshold value T i is selected that is statistically optimal, based on the content of the image. Initially threshold value is the mean gray level and next threshold value T i +1 is the average of the body and nonbody pixels. This procedure ends when the convergence will reach. Figure 3 shows the original image, background eliminated image and segmented image. 
B. Postprocessing Enhancement
Post processing enhancement is done so that the lung image will become clearer in order to detect nodules. The series of steps evolved in enhancement after segmentation are: 1) Morphological opening is applied on thresholded image for the enhancement. This operation eliminates the small objects inside and out side the lungs. 2) Morphological closing is then applied on the image. It enhances borders and fills the gaps in the border. 3) After Morphological operations boundary of the enhanced image is detected. Image borders, have mostly areas with high contrast. For this purpose, we use Sobel gradient operator in the horizontal and vertical directions and these are shown in figure 4. 4) Morphological thinning is then applied on the boundary extracted image. 5) After the thinning process the area of the image representing pulmonary lobes is identified. Throughout the image, the two longest border chains are chosen as pulmonary lobes. 6) Border reconstruction is applied on the above detected image by computing the Euclidian distance d1 and minimum distance between two pixels d2. Then the ratio d2/d1 is computed: if the ratio is greater than a given threshold the two points are candidates for a possible reconstruction. 7) Morphological filling is applied on the above image to get the final postprocessed image. Figure 5 shows the postprocessing enhancement process in detail. 
C. Lung Nodule Feature Extraction and Classification
The most difficult step in computerized lung cancer detection system is the lung nodule detection. Actually, in CT images of lungs, firstly the lung nodules are mostly attached to blood vessels or to the pleura; secondly the grey level of blood vessels is almost similar to nodules. Hence we are considering varying features for the lung nodule detection and the feature vector which we have formulated is
is a total number of pixels within a nodule. This feature helps to isolate small objects. 2) Energy (F 2 ) is used to describe measure of information in an image and is represented in equation 1.
3) Eccentricity (F 3 ) is a measure of circularness inside a candidate object. 4) Entropy (F 4 ) is a statistical measure of randomness that can be used to characterize the texture of the candidate region. Entropy is defined in equation 2.
where p contains the histogram count. 5) Mean and standard deviation (std) of gray levels within a Candidate Region (F 5 ) and (F 6 ), The mean intensity value indicates the average intensity value of all the pixels that belong to the same region while std is a measure of how much that gray levels differ from mean. Mean and standard deviation are calculated using equation 3 and 4 respectively.
For classification purpose, the feature vector is fed to a hybrid classifier based on neural network and fuzzy known as nuero fuzzy. The classifier contains two subnetworks i.e. fuzzy self organizing network and MultiLayer Perceptron (MLP) in a cascaded way. The feature vector is given as input to fuzzy layer to generate pre-classification vector which is given to MLP for classification of test sample. The grouping and clustering of possible nodule pixels in regions based on their membership are done using fuzzy self organizing layer. This layer would help in differentiating in nodule and non nodule clusters. By performing different experiments, we come across that our proposed fuzzy neural network is more tolerant to the noisy data related to nodules.
III. EXPERIMENTAL RESULTS
The proposed scheme is thoroughly tested using different lung CT image from different patients which we have gathered locally. A total 100 image with resolution of 512x512 pixels with eight bits per color channel are captured and ground truths Table 1 shows the comparison of our technique with previously proposed techniques. Figure 6 shows the step by step outputs of different stages for proposed system. It shows that proposed method have extracted the lung nodules accurately.
IV. CONCLUSION
In this paper, lung segmentation is done and lung nodules are detected by using the neuro fuzzy based classifier. The system removes background region from foreground and then Kim et. al [14] 88.6%
Proposed Method 95% extracts possible regions with nodules by applying postprocessing phase. A detailed feature set containing different properties along with hybrid neuro fuzzy classifier have successfully detected. Experimental results have shown that this system is accurate and effective which also facilitates the detection of small nodules along with the developed one which lead to early diagnosis of lung cancer.
